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Reminder:	
  Whole	
  
Merge	
  Scheme	
  

The	
  bunch	
  merger	
  has	
  been	
  simulated,	
  from	
  
longitudinal	
  merge	
  to	
  the	
  end	
  of	
  the	
  funnel.	
  
	
  
A	
  matching	
  is	
  needed	
  for	
  injecAon	
  to	
  later	
  
cooling	
  channel.	
  
	
  
Two	
  solenoids	
  (B7	
  and	
  B8)	
  are	
  used	
  to	
  reduce	
  
the	
  transverse	
  beam	
  size,	
  and	
  a	
  longer	
  solenoid	
  
to	
  match	
  the	
  field	
  to	
  cooling	
  channel.	
  
	
  
Longitudinal	
  matching	
  not	
  considered…	
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Beam	
  after	
  funnel	
  

•  The	
  beam	
  has	
  a	
  big	
  
transverse	
  size.	
  β=22m	
  
•  Later	
  cooling	
  channel	
  requires	
  

0.6m	
  
	
  

•  The	
  bunch	
  aPer	
  funnel	
  is	
  not	
  
in	
  solenoid	
  magnet.	
  
•  Later	
  cooling	
  channel	
  has	
  

alternaAng	
  magneAc	
  field.	
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B7	
  and	
  B8	
  
•  Goal: matching	
  a	
  beam	
  with β=22m	
  and α=0	
  in	
  zero	
  B	
  

field	
  to	
  a	
  straight	
  2.6	
  T	
  solenoid	
  magnet.	
  
•  Method:	
  define χ ,	
  
	
  
	
  

	
      and	
  propagate	
  Courant-­‐Snyder	
  parameters	
  and	
  change	
  the	
  
posiAons	
  and	
  strengths	
  of	
  B7	
  and	
  B8	
  to	
  minimize χ	
  
•  Result:	
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•  Goal:	
  matching	
  the	
  bunch	
  to	
  the	
  alternaAng	
  field.	
  
•  Method:	
  strength	
  is	
  fixed	
  to	
  2.6	
  T,	
  parameters	
  to	
  opAmize	
  are:	
  
length	
  and	
  posiAon	
  -­‐>	
  by	
  hand.	
  

•  Result:	
  Length=3.65m,	
  	
  
	
  	
      Gap	
  between	
  B9	
  and	
  cooling	
  is	
  1.5m	
  	
  

B9	
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Results	
  

Transverse	
  emi\ance	
  
conserves	
  at	
  6.5mm.	
  
	
  
β	
  reduced	
  to	
  0.6m.	
  
	
  
Transmission	
  >	
  99%	
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Useful	
  low	
  energy	
  muons	
  
•  Rare	
  decay	
  searches:	
  Mu2e,	
  Mu3e,	
  MEG…	
  
• Muonium	
  experiments:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  conversion,	
  muonium	
  
spectroscopy,	
  muonium	
  decay,	
  muonium	
  gravity,	
  muonic	
  
hydrogen...	
  

•  Experiments	
  and	
  Applica7ons:	
  muon	
  EDM,	
  g-­‐2,	
  	
  muon	
  
catalyzed	
  fusion,	
  MuSun,	
  Muon	
  spectroscopy…�

	
  
•  More	
  than	
  200	
  experiments	
  are	
  carried	
  out	
  at	
  the	
  muon	
  beamlines	
  at	
  PSI	
  
each	
  year!	
  

• All	
  these	
  experiments	
  need	
  high	
  sta7s7cs!	
   8	
  

Mu −Mu



Where	
  are	
  muons	
  produced?	
  

•  Ins7tutes:	
  PSI,	
  ISIS,	
  Triumf,	
  JPAC,(Fermilab?)	
  
• Method:	
  Protons	
  hihng	
  targets	
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How	
  muons	
  are	
  produced	
  
•  Intense	
  proton	
  beams	
  hihng	
  on	
  
thin	
  targets,	
  upstream	
  of	
  
spallaAon	
  targets.	
  
•  Two	
  type	
  of	
  muons	
  are	
  produced:	
  
SURFACE	
  muon	
  and	
  CLOUD	
  muon	
  
•  SURFACE	
  muons:	
  Pions	
  decay	
  on	
  the	
  
surface	
  of	
  the	
  target	
  

•  CLOUD	
  muons:	
  Pions	
  decay	
  in	
  flight	
  

•  Only	
  a	
  few	
  percent	
  of	
  the	
  primary	
  
proton	
  beam	
  is	
  used	
  for	
  producing	
  
muons.	
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Cloud	
  muon	
  

11	
  

Typical	
  momentum	
  distribuAon	
  of	
  the	
  
iniAal	
  pions.	
  

•  A	
  typical	
  cloud	
  muon	
  beam	
  
has	
  a	
  momentum	
  peak	
  
around	
  several	
  hundreds	
  
MeV/c.	
  

•  Large	
  momentum	
  spread.	
  

•  High	
  yield	
  up	
  to	
  0.02	
  muon	
  
per	
  GeV	
  proton	
  at	
  target.	
  

Useful	
  Low-
energy	
  Part	
  

How	
  to	
  make	
  use	
  of	
  them?	
  



Phase	
  Rotation	
  Technique	
  
•  Originally	
  designed	
  for	
  the	
  Neutrino	
  Factory	
  front	
  end.	
  
•  Consists	
  of	
  four	
  secAons:	
  
•  Decay	
  and	
  dri>:	
  to	
  form	
  a	
  momentum-­‐Ame	
  correlaAon	
  for	
  the	
  
muon	
  beam.	
  

•  Bunching:	
  to	
  bunch	
  the	
  muons	
  to	
  a	
  string	
  of	
  bunches.	
  
•  Phase	
  rota7on:	
  to	
  rotate	
  the	
  bunches	
  in	
  longitudinal	
  phase	
  space	
  
so	
  that	
  they	
  reach	
  the	
  same	
  equilibrium	
  momentum.	
  

•  Decelera7on:	
  to	
  decelerate	
  the	
  muons	
  further	
  to	
  low	
  energy	
  

	
  
	
  No	
  muon	
  cooing	
  is	
  involved	
  !	
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DriP	
   Bunch	
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Decay	
  and	
  Drift	
  
•  Goal:	
  to	
  obtain	
  a	
  momentum-­‐Ame	
  correlaAon.	
  
•  The	
  solenoid	
  magneAc	
  field	
  tapers	
  from	
  high	
  field	
  
capture	
  region	
  to	
  1.5	
  T.	
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Bunching	
  
•  Bunch	
  the	
  muons	
  so	
  that	
  rf	
  systems	
  	
  

	
     	
  can	
  be	
  used	
  for	
  later	
  phase	
  rotaAon	
  and	
  deceleraAon.	
  
•  A	
  series	
  of	
  caviAes	
  with	
  various	
  frequencies	
  are	
  used.	
  
•  Frequencies	
  of	
  the	
  caviAes	
  are	
  set	
  to	
  divide	
  the	
  beam	
  
into	
  bunches	
  with	
  spaces	
  of	
  0.94m	
  by:	
  

•  The	
  rf	
  gradient	
  is	
  increased	
  from	
  cell	
  to	
  cell	
  along	
  the	
  
buncher	
  gradually	
  to	
  enable	
  an	
  adiabaAc	
  capture	
  of	
  the	
  
muons:	
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NB!rfðsÞ ¼ NB
c

frfðsÞ
¼ s

!
1

"NB

$ 1

"0

"
; (1)

where s is the total distance from the target,"0 and"NB
are

the velocities of the reference particles, and NB is an
integer. For the present design, NB is chosen to be 10,
and the buncher length is 33.0 m. With these parameters,
the rf cavities decrease in frequency from 320 MHz (!rf ¼
0:94 m) to 230 MHz (!rf ¼ 1:3 m) over the length of the
buncher.

The initial geometry for the placement of the rf cavities
uses 0.4–0.5 m long cavities placed within 0.75 m long
cells. The 1.5 T solenoid focusing of the decay region is
continued through the buncher and the rotator section
which follows. The rf gradient is increased from cell to
cell along the buncher, and the beam is captured into a
string of bunches, each of which is centered about a test
particle position, with energies determined by the spacing
from the initial test particle such that the ith reference
particle has velocity

1="i ¼ 1="0 þ
i

NB

!
1

"NB

$ 1

"0

"
: (2)

In the initial design, the cavity gradients, Vrf , follow a
linear increase along the buncher:

VrfðzÞ & 9
z

LB
MV=m; (3)

where z is distance along the buncher and LB is the length
of the buncher. The gradient at the end of the buncher is
9 MV=m. This gradual increase of the bunching voltage
enables a somewhat adiabatic capture of the muons into
separated bunches, which minimizes phase-space dilution.

In the practical implementation of the buncher concept,
this linear ramp of cavity frequency is approximated by a
sequence of rf cavities that decrease in frequency along the
33 m beam transport allotted to the buncher. The number of
different rf frequencies is limited to a more manageable 13
(1–4 rf cavities per frequency). The linear ramp in gradient
described by (3) is approximated by the placement and
gradient of the cavities in the buncher. Table I shows a
summary of the rf cavities that are needed in the buncher,
rotator, and cooling sections.

B. Rotator

In the rotator section, the rf bunch spacing between the
reference particles is shifted away from the integer, NB, by
an increment, #NB, and phased so that the high-energy
reference particle is stationary and the low-energy one is
uniformly accelerated to arrive at the same energy as the
first reference particle at the end of the rotator. For the
baseline, #NB ¼ 0:05 and the bunch spacing between
the reference particles is NB þ #NB ¼ 10:05. This is ac-
complished using an rf gradient of 13 MV=m in 0.5 m long
rf cavities within 0.75 m long cells. The rf frequency
decreases from 230.2 to 202.3 MHz along the length of
the 42 m long rotator region. A schematic of a rotator cell is
shown in Fig. 3.

TABLE I. Summary of front-end rf requirements. Where power requirement is listed per frequency, this is the requirement per group
of rf cavities of the same frequency. Where it is listed per cavity, this is the requirement per single rf cavity. The total installed rf
voltage is 1184 MV.

Length
[m]

Number of
cavities

Frequencies
[MHz]

Number of
frequencies

Peak gradient
[MV=m]

Peak power
requirements

Buncher 33.0 33 319.6 to 233.6 13 3.42 to 9.01 1–3:5 MW=frequency
Rotator 42.0 56 230.2 to 202.3 15 13 2:5 MW=cavity
Cooler 97.5 130 201.25 1 16 4 MW=cavity
Total 172.5 219 319.6 to 201.25 29 562 MW

FIG. 3. (top) Schematic of the muon front end, (middle) rotator
lattice, and (bottom) cooling lattice.

C. T. ROGERS et al. Phys. Rev. ST Accel. Beams 16, 040104 (2013)
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di↵erent paths. The ideal design of the kicker
will be kicking the 7 bunches into 7 trom-
bones with di↵erent path length and finally
bring them back to the same plane at the
same time. In order to reduce the complexity
of building the geometry in the simulation, in
this feasibility study we simplify the scheme
to kick 6 bunches into 6 trombones and ide-
ally keep the last bunch in the center without
being a↵ected. The kicker is a 3 m long mag-
net with 1 m diameter. Figure 5 shows the
oscillation of the magnetic field. The mag-
net has four poles providing magnetic field in
both x and y direction. The transverse field
rotates at a frequency of 18 MHz, with a field
of 220 Gauss to kick the first 6 bunches by 5�

to 6 di↵erent directions.

Offset

FIG. 6: Cross-section of the kicker (red
square) with trajectories of the 6 reference

particles of 6 bunches (blue lines).

Figure 6 is a cross-section of the kicker
with 6 reference particles representing the
trajectories of 6 bunches. The rotating field
kicks the 6 bunches symmetrically in a circle
and introduces an angular and a position o↵-
set to the bunches. We rotate the kicker by
1.95� to compensate the angular o↵set and
each bunch is kicked o↵ from the centerline by
28 mm when they reach the next B3 magnet,
and all the following elements in the beam
line are aligned to match this o↵set.

The kicked bunches need to be matched
to the trombones. A matching section is

Magnet Length Aperture Position B

B1 1 m 1.2 m 1.2 m 1.2 T
B2 1 m 1.2 m 7.2 m 0.60 T
B3 1 m 0.8 m 24.6 m 0.56 T
B4 1 m 0.6 m 30.6 m 1.0 T

B5 1 m 1.0 m 67.5 m 1.2 T
B6 1 m 1.2 m 73.5 m 0.6 T

B7 1 m 1.4 m 83.6 m 0.4 T
B8 1 m 1.2 m 89.1 m 0.9 T
B9 3.65 m 1.5 m 92.8 m �2.6 T

TABLE II: Magnets parameters for the
matching magnets. Positions are the centers

of the magnets relative to the end of
longitudinal merge.

designed using 4 solenoidal magnets. The
strengths and positions of the 4 matching
solenoids as well as the position of the en-
trance of the trombones are optimized by
propagating the Courant-Snyder parameters.
In a well matched channel, the Courant-
Snyder parameters should be maintained
↵(p) = 0 and �(p) = 2p

Bc

for all momentum
p of the beam, where B is the magnetic field
in T and c is speed of light in m/ns. To find
such a lattice, we define �

2:

�

2 =
X

pi

[(↵(p
i

)2) + (
�(p

i

)� �0(pi)

�0(pi)
)2] (1)

where �0 is the initial � before the matching
and ↵ and � is after matching. We chose
p

i

= 12i + 188MeV/c where i = 1, 2, 3, 4, 5,
and minimize �2 by varying the strengths and
positions of the magnets.

Figure 7 shows the optimized magnets
(B1, B2, B3 and B4) strength (shown as K,
where K = B

2
c

2
/4p2

i

is the e↵ective focusing
function), positions and beta functions in the
matching channel. Table II gives the parame-
ters of the matching solenoids. The positions
are the center of the magnets relative to the
end of the longitudinal merge. The beam is
well matched to a 2 T uniform field. The beta
function reaches 0.6 m, which is similar to the
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where z is distance along the buncher and LB is the length
of the buncher. The gradient at the end of the buncher is
9 MV=m. This gradual increase of the bunching voltage
enables a somewhat adiabatic capture of the muons into
separated bunches, which minimizes phase-space dilution.
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this linear ramp of cavity frequency is approximated by a
sequence of rf cavities that decrease in frequency along the
33 m beam transport allotted to the buncher. The number of
different rf frequencies is limited to a more manageable 13
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described by (3) is approximated by the placement and
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summary of the rf cavities that are needed in the buncher,
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an increment, #NB, and phased so that the high-energy
reference particle is stationary and the low-energy one is
uniformly accelerated to arrive at the same energy as the
first reference particle at the end of the rotator. For the
baseline, #NB ¼ 0:05 and the bunch spacing between
the reference particles is NB þ #NB ¼ 10:05. This is ac-
complished using an rf gradient of 13 MV=m in 0.5 m long
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of rf cavities of the same frequency. Where it is listed per cavity, this is the requirement per single rf cavity. The total installed rf
voltage is 1184 MV.

Length
[m]

Number of
cavities

Frequencies
[MHz]

Number of
frequencies

Peak gradient
[MV=m]

Peak power
requirements

Buncher 33.0 33 319.6 to 233.6 13 3.42 to 9.01 1–3:5 MW=frequency
Rotator 42.0 56 230.2 to 202.3 15 13 2:5 MW=cavity
Cooler 97.5 130 201.25 1 16 4 MW=cavity
Total 172.5 219 319.6 to 201.25 29 562 MW

FIG. 3. (top) Schematic of the muon front end, (middle) rotator
lattice, and (bottom) cooling lattice.

C. T. ROGERS et al. Phys. Rev. ST Accel. Beams 16, 040104 (2013)
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Phase	
  Rotation	
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•  Rotate	
  the	
  bunches	
  in	
  longitudinal	
  	
  	
  
	
    	
  phase	
  space	
  
•  The	
  rf	
  bunch	
  spacing	
  between	
  the	
  bunches	
  is	
  shiPed	
  
away	
  from	
  the	
  integer	
  	
  	
  	
  	
  	
  	
  ,	
  by	
  an	
  increment,	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  and	
  
phased	
  so	
  that	
  the	
  high-­‐energy	
  muons	
  are	
  decelerated	
  
to	
  reach	
  the	
  same	
  energy	
  (150	
  MeV/c)	
  as	
  the	
  reference	
  
parAcle.	
  

	
  
•  The	
  rf	
  gradient	
  is	
  13	
  MV/m	
  in	
  0.5m	
  long	
  rf	
  caviAes	
  within	
  
0.75	
  m	
  long	
  cells.	
  

NB δNB



Deceleration	
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•  DeceleraAon	
  is	
  done	
  in	
  five	
  
secAons	
  with	
  driPs	
  and	
  rf	
  caviAes	
  
with	
  a	
  frequency	
  of	
  201.25	
  MHz.	
  

•  The	
  bunch	
  emi\ance	
  is	
  large	
  aPer	
  phase	
  rotaAon,	
  
deceleraAon	
  is	
  inefficient.	
  Only	
  20%	
  muons	
  are	
  
decelerated	
  to	
  low-­‐energy.	
  

•  Further	
  opAmizaAon	
  is	
  needed.	
  InducAon	
  linac	
  will	
  be	
  
considered	
  in	
  later	
  work.	
  

•  DeceleraAon	
  takes	
  20	
  m	
  to	
  decrease	
  the	
  momentum	
  to	
  
less	
  than	
  75	
  MeV/c.	
  



Application	
  on	
  Mu2e	
  
•  Efficiency	
  of	
  the	
  DriP-­‐Bunching-­‐PhaseRotaAon-­‐
DeceleraAon	
  channel	
  is	
  	
  >10%.	
  
• With	
  a	
  opAmized	
  target	
  scheme	
  which	
  captures	
  0.02	
  
pions	
  per	
  GeV	
  proton,	
  and	
  a	
  proton	
  driver	
  of	
  8	
  GeV,	
  the	
  
intensity	
  of	
  the	
  output	
  low	
  energy	
  muon	
  beam	
  can	
  reach	
  
above	
  0.016	
  muons	
  per	
  proton,	
  which	
  is	
  already	
  one	
  
order	
  of	
  magnitude	
  higher	
  than	
  the	
  current	
  Mu2e	
  design	
  
at	
  Fermilab.	
  
•  Further	
  opAmizaAon	
  will	
  focus	
  on	
  phase	
  rotaAon	
  for	
  
lower-­‐energy	
  muons	
  and	
  the	
  deceleraAon	
  channel.	
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Another	
  Example:	
  Chinese	
  
Spallation	
  Neutron	
  Source	
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Intensity of pions 
after the spallation 
targets are high, 
because of high 
proton power. 

•  Put	
  collecAng	
  solenoid	
  aPer	
  the	
  spallaAon	
  target,	
  to	
  minimize	
  the	
  
influence	
  on	
  neutron	
  producAon.	
  

•  Use	
  the	
  phase	
  rotaAon	
  technique	
  to	
  reduce	
  the	
  energy	
  of	
  the	
  cloud	
  
muons.	
  



Collecting	
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•  A	
  solenoid	
  magneAc	
  field	
  of	
  7	
  T	
  with	
  a	
  large	
  aperture	
  will	
  collect	
  the	
  
pions	
  most	
  efficiently.	
  

•  About	
  80%	
  of	
  the	
  pions	
  are	
  lost	
  in	
  the	
  first	
  half	
  meter.	
  
•  Be\er	
  collecAon	
  will	
  be	
  invesAgated	
  by	
  using	
  toroidal	
  field.	
  
•  With	
  an	
  aperture	
  of	
  0.8	
  m	
  the	
  pion	
  yield	
  can	
  reach	
  0.006	
  pion/proton	
  



Low-­‐energy	
  Muon	
  yield	
  
•  APer	
  the	
  phase	
  rotaAon	
  and	
  deceleraAon,	
  the	
  yield	
  of	
  
the	
  low-­‐energy	
  muons	
  are	
  6	
  muons	
  per	
  10,000	
  protons.	
  
•  This	
  efficiency	
  is	
  low,	
  due	
  to	
  the	
  target	
  geometry	
  and	
  the	
  
limit	
  on	
  the	
  posiAon	
  of	
  the	
  collecAng	
  solenoid,	
  
however…	
  
• With	
  the	
  500	
  kW	
  proton	
  driver,	
  the	
  intensity	
  of	
  the	
  
output	
  muons	
  can	
  reach	
  3*10^12	
  muons	
  per	
  second,	
  
which	
  is	
  two	
  orders	
  of	
  magnitude	
  higher	
  than	
  the	
  
current	
  Mu2e	
  design.	
  

	
  
•  And,	
  this	
  is	
  a	
  by-­‐product	
  of	
  a	
  spallaAon	
  source!	
   21	
  



Surface	
  Muon	
  

•  Sharp	
  peak	
  at	
  30	
  MeV/c.	
  
•  Fully	
  polarized	
  beam.	
  
•  Various	
  applicaAons	
  when	
  slowed	
  down	
  to	
  keV	
  and	
  eV	
  energy	
  
range.	
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Deceleration	
  options	
  
•  The	
  phase	
  rotaAon	
  technique	
  can	
  be	
  applied	
  to	
  slow	
  down	
  
surface	
  muons	
  with	
  higher	
  efficiency,	
  because	
  lower-­‐energy	
  
muons	
  requires	
  less	
  rf	
  caviAes	
  to	
  bunch	
  and	
  decelerate.	
  

•  InducAon	
  linac	
  is	
  more	
  efficient, and	
  easier…	
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Using	
  induction	
  linac	
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•  DriP	
  of	
  15	
  m.	
  
•  Maximum	
  field	
  1	
  MV/m	
  
•  Rising	
  Ame	
  200	
  ns.	
  
•  In	
  4m,	
  mouns	
  are	
  slowed	
  

down	
  to	
  10	
  MeV/c,	
  which	
  can	
  
be	
  followed	
  by	
  FricAonal	
  
cooling.	
  

•  Efficiency	
  >	
  70%	
  !	
  
•  A	
  lot	
  can	
  be	
  improved!	
  



Example: CSNS	
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Surface muon rate is high at 
the back side of the 
spallation neutron target. 

•  Collect	
  surface	
  muons	
  at	
  the	
  backside	
  of	
  the	
  spallaAon	
  
target.	
  

•  APer	
  the	
  driP	
  channel,	
  use	
  inducAon	
  linac	
  to	
  slow	
  muons	
  
down.	
  

Upstream
Surface muon

1.6 GeV
Proton

Solenoid

Target
Selecting 

Dipole

Drift
&

Induction Linac
Neutrons



Collecting	
  solenoid	
  

•  A	
  solenoid	
  of	
  0.6	
  T	
  with	
  a	
  large	
  aperture	
  has	
  the	
  highest	
  yield. 
60%	
  muons	
  lost	
  in	
  the	
  first	
  half	
  meter.	
  	
  

•  Improvement	
  can	
  be	
  made	
  by	
  using	
  toroidal	
  field.	
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Estimation	
  on	
  slow	
  muon	
  
intensity	
  
•  0.6m	
  aperture	
  with	
  0.6T	
  field	
  yields	
  1.3	
  surface	
  muons	
  per	
  
100,000	
  iniAal	
  protons.	
  

•  With	
  500kW	
  proton	
  beam,	
  a	
  surface	
  muon	
  beam	
  of	
  
6.5*10^10	
  mu+/s	
  can	
  be	
  reached	
  at	
  the	
  end	
  of	
  the	
  collecAng	
  
solenoid.	
  

•  Considering	
  deceleraAon	
  by	
  inducAon	
  linac	
  with	
  an	
  efficiency	
  
of	
  70%,	
  4.5*10^10	
  mu+/s	
  are	
  obtained	
  with	
  energy	
  lower	
  
than	
  500	
  keV.	
  

•  FricAonal	
  cooling	
  can	
  be	
  implemented	
  to	
  finally	
  transform	
  the	
  
muons	
  to	
  slow	
  muons.	
  (Efficiency	
  should	
  be	
  larger	
  than	
  1%)	
  

•  Slow	
  muon	
  rate	
  on	
  the	
  order	
  of	
  10^8	
  mu+/s	
  can	
  be	
  expected,	
  
which	
  is	
  4 orders	
  of	
  magnitude	
  higher	
  than	
  current	
  highest	
  
rate.	
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Summary	
  
• We	
  outline	
  a	
  phase	
  rotaAon	
  concept	
  for	
  deceleraAng	
  
muons	
  for	
  various	
  experiments	
  and	
  applicaAons.	
  
•  Two	
  methods	
  are	
  presented	
  with	
  preliminary	
  simulaAons.	
  
•  For	
  higher-­‐energy	
  cloud	
  muons,	
  we	
  use	
  the	
  front-­‐end	
  
concept	
  of	
  a	
  Neutrino	
  Factory	
  to	
  phase	
  rotate	
  and	
  
decelerate	
  the	
  muons	
  to	
  lower	
  than	
  75	
  MeV/c,	
  with	
  an	
  
efficiency	
  higher	
  than	
  10%.	
  
•  For	
  surface	
  muons	
  we	
  use	
  inducAon	
  linacs	
  to	
  slow	
  down	
  
the	
  muons	
  to	
  low	
  energy	
  with	
  an	
  efficiency	
  higher	
  than	
  70%	
  
•  Possible	
  applicaAon	
  of	
  these	
  methods	
  are	
  presented.	
  
Significantly	
  high	
  rate	
  of	
  low-­‐energy	
  muon	
  can	
  be	
  expected.	
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